INTRODUCTION
Osteoporosis is a condition characterized by low bone mass and microarchitectural deterioration of bone tissue leading to enhanced bone fragility and a consequent increase in fracture risk. Low-trauma vertebral fractures have been associated in the elderly with an increased standardized mortality rate and with incident secondary fractures, 1,2 chronic dorsalgia, 3 height loss, 3 kyphosis, 3 reduced lung function capacity, chronic obstructive pulmonary disease, 4, 5 and diminished quality of life. 6 Prevalence of osteoporosis and fractures is high in people living with HIV, 7 increased in comparison with their HIV-uninfected counterparts. 8, 9 In the women's menopause study, low bone mineral density (BMD) was 27% among HIV-positive versus 19% (P = 0.04) in HIVuninfected women, 8 and in a nationwide Danish study of 124,655 fracture cases and 373,962 age-and gender-matched controls, the risk of any fracture was significantly increased among HIV-infected patients (OR = 2.89). 9 HIV-related factors associated with osteoporosis include tenofovir disoproxyl fumarate (TDF) use, [10] [11] [12] [13] protease inhibitor use, 10, 14 low CD4 level, 15 and HIV replication. 16 Among HIV-unrelated factors, white race, 10 increasing age, 7, 8, 10 decreased body mass index or weight, 7, 8, 10, 17 hepatitis C virus (HCV) coinfection, 10 estrogen use, 8 corticoid use, 15 or previous fractures 8 have been reported in the HIV-infected population. Alcohol intoxication, ethnic origin, femoral fracture family history, menopause, testosterone insufficiency, sedentary life, vitamin D, and calcium insufficiencies are probably important risk factors in the HIV-infected as they are in the general population.Smoking has been associated with BMD loss and osteoporosis in the general 4, 18, 19 and the HIVinfected 10 population.
Most studies dealing with osteopenia and osteoporosis in HIV-infected patients are based on surrogate evaluation of BMD with dual-energy x-ray absorptiometry (DXA) scans and rarely estimate the presence of bone fractures, despite the fact that fractures are the main clinically significant consequence of osteoporosis. Also, DXA scan is an unreliable method to screen for osteoporotic fractures. The presence of 1 or more low-impact fragility fractures (ie, on a spinal radiograph) is considered as a sign of severe osteoporosis, even in the absence of osteoporotic BMD. 20 Also, studies in the general population have found that the risk of new vertebral fractures increased with the diagnosis of a prevalent fracture, furthermore underscoring the importance of initiating osteoporosis treatment when fractures are detected. 21 In the context of osteoporosis, vertebral fractures are commonly undiagnosed and clinically silent. 22 The use of imaging for other reasons is thus an opportunity to detect fractures, as with the use of chest low-dose computed tomography (LDCT) screening of high-risk subjects for lung cancer. 23 This applies particularly well to the HIV-infected smoking populations, in which several risk factors of osteoporosis coexist. We sought to estimate the prevalence of vertebral fractures in a cohort of HIV-infected smokers participating in an early lung cancer diagnosis study with chest LDCT.
METHODS

Study Population and Settaings
This is a cross-sectional post hoc study of vertebral fractures visualized on chest LDCT afteer sagittaal spinal reconstruction in subjects included in the ANRS EP48 HIV CHEST cohort, a multicenter ongoing prospective study evaluating feasibility of chest LDCT for early lung cancer diagnosis in HIV-infected subjects in France (clinical trials registration number : NCT0122072986). Subjects included had to be 40 years or older, had a history of smoking within the last 3 years of at least 20 pack-years, had a CD4 T-lymphocyte nadir cell count ,350 per microliter and an actual CD4 T-cell count .100 cells per microliter, and had medical coverage. Subjects were excluded in case of active cancer or active AIDS-classifying disease, lung infection within 2 months, pregnancy, breast-feeding, evident contraindication to thoracic surgery, and suspicion of malignant vertebral fracture. All subjects were proposed to participate in the study during their quarterly or biannual visit with their HIV specialist, and subjects signed an informed consent.Subjects were included between March 2011 and June 2012. The study sponsor was the ANRS, and the study was approved by the Institutional Review Board "Comité de Protection des Personnes Sud Méditerranée IV" on May 11, 2011. Study procedures were in accordance with the standards of Ethics Committaee and with the Helsinki Declaration.
CT Reconstruction Methods and Vertebral Fracture Diagnosis
Acquisition procedures of chest LDCT in the early lung cancer screening study were the following: the entire chest from apex to posterior recesses was included at end inspiration in 1 breath hold according to the low-dose protocol of the study (100 kVp, automated tube current modulation) with section thickness not greater than 1 mm. However, procedures were adapted in each center according to the scanning equipment. The median dose-length product for the chest LDCT was 212 mGy$cm, (IQR 142-312) corresponding to a median effeective dose of 3.8 mSv IQR (2.6-5.6), considering an effeective dose per unit dose-length product conversion factor of 0.018 mSv. 24 No phantom had been used in this study. Reconstructed sagittaalplanes of the spine were obtained from the axial native acquisition of the chest, afteer the images were centralized in the Radiology Department of the University Hospital of Montpellier. A 6-year experienced radiologist (YT) specialized in musculoskeletal imaging blindly reviewed the reconstructed sagittaal spinal images. The radiologist recorded the first and last totally visible vertebral body and the number and location of fractured vertebras. Assessment of the fractured vertebra used the recognized semiquantitative method developed by Genant and his colleagues on conventional radiography ( Fig. 1 ). 25 Briefly, visible vertebras were graded as mildly deformed (grade 1, approximately 20%-25% in anterior, middle, and/or posterior height and a reduction of area of 10%-20%), moderately deformed (grade 2, approximately 25%-40% in any height and a reduction of area of 20%-40%), and severely deformed (grade 3, approximately 40% in any height and area). A vertebra was considered fractured if graded 1 or more. The shape of the fractures was described as crushed, wedged, or biconcave accordingly. Genant semiquantitative method has previously shown intra-and interobserver reliability and agreement on chest computed tomography. 26 
Statistical Analysis
The end point of our study was the prevalence of at least 1 vertebral fracture. Variables tested for association with the outcome were age, sex, low body mass index ,18.5 kg/m 2 (WHO definition of underweight), smoking history ($40 packyears), cannabis inhalation history and alcohol intoxication (as appreciated by the investigator as Yes/No variables), presence of hepatitis C (as defined by a positive serology), history of intravenous drug use, last HIV viral load ,200 copies per milliliter (thus allowing for blips), last level of CD4 T-lymphocytes, nadir level of CD4 ,200 cells per microliter, duration of antiretroviral therapy (ART), duration of TDF therapy and actual TDF use. Ethnic origin was unavailable, as was known history of osteoporosis, vertebral fracture, or trauma. Age was analyzed in 4 categories (40-44 years, 45-49 years, 50 to 54, and older than 55 years). Each variable was tested separately using a generalized linear mixed model including center as a random effeect.Variables retained in the multivariable analysis were those with a P value for association with vertebral fracture below 0.20. Stata (version 12.1 ; Stata Corp, College Station, TX) statistical softeware was used for the analyses.
RESULTS
Of the 443 subjects with a LDCT enrolled in the HIV CHEST study, 397 subjects had a chest LDCT with sagittaal spinal reconstruction planes. Thus, 46 subjects could not have their LDCT reconstructed, 17 because their CT images had not been centralized in the Radiology Department of the Montpellier University Hospital (eg, images not sent), and 29 because images that we disposed of were not complete. Baseline characteristics of the 397 enrolled subjects are shown in Table 1 . Briefly, the total population of our study had a median age of 49.5 years, a median smoking history of 30 pack-years, a median last CD4 count of 584 cells per microliter, and a median CD4 nadir count of 168 cells per microliter ;90% of subjects had a viral load below 50 copies per milliliter. The last fully visible vertebra on LDCT reconstruction was T10 for 6 subjects (1.5% of total CT), T11 for 25 subjects (6%), T12 for 102 subjects (26%), L1 for 177 subjects (45%), L2 for 86 subjects (22%), and L4 for 1 subject. Forty-six (11.6%) subjects had at least 1 visible fracture, and the total number of fractures was 84. Twenty-seven subjects had 1 fracture, 10 had 2 fractures, and 9 had 3 or more fractures. No fractures were seen above T3. Two fractures were described as grade 3, 11 fractures were described as grade 2, and the 71 other fractures were described as grade 1. Fiftey-seven fractures were wedge, and 27 fractures were biconcave. Details of fracture shape and location are shown in Table 2 . We found in "univariate" analysis that age $45 years (in comparison with the 40-44 years reference group) and smoking 40 pack-years or more were associated with an increased risk of having at least 1 vertebral fracture (Table 3) . HIV viral load ,200 copies per milliliter was associated with a lower risk. Gender, TDF (whether cumulative duration of treatment or included in the actual ART treatment),duration of ART, history of cannabis inhalation, intravenous drug use, nadir or last CD4 cell count, and history of AIDS were not associated with the outcome. HCV coinfection and alcohol intoxication met criteria for inclusion in the final model (P , 0.20) . In the multivariate model, only smoking $40 packyears was associated with an increased risk of vertebral fracture, while HIV viral load ,200 copies per milliliter was protective. In this final model, HCV coinfection and alcohol intoxication were not associated with the outcome.
DISCUSSION
In this cross-sectional multicentric study,which evaluated vertebral fractures on chest LDCT in a cohort of HIVinfected smokers or recently quittaed smokers of at least 40 years of age, a CD4 nadir level ,350 cells per microliter, and a good ART coverage, we found that a substantial proportion of subjects had vertebral fractures (11.6%).
A similar study from the NELSON group enrolled 1140 male non-HIV-infected ever smokers at risk for lung cancer. 23 Vertebral spinal reconstructed sagittaal planes obtained from chest axial native acquisitions of chest LDCT performed for lung cancer screening in this population were read, and vertebral fractures were graded according to Genant semiquantitative method.In this study, subjects had a mean age of 62.5 years, 531 (46.6%) had quit smoking (by definition less than 10 years before inclusion), and subjects had a median of smoking in pack-years of 38.0 (IQR, 28.0-49.5). One hundred subjects (8.8%) had at least 1 vertebral fracture. We found a higher prevalence of vertebral fractures in our study than the investigators in the NELSON study, despite lower median age and lower pack-years of smoking in our population, highlighting the fact that even relative young smoking HIV-infected subjects have substantial clinically significant osteoporosis if these fractures were indeed related to bone fragility as suspected.
Our sample is probably only representative of the French HIV-smoking population. Thus, the vertebral fracture rate in our study is probably higher than the rate we would have encountered if the studied population had been a sample of the French HIV-population. Indeed, our inclusion criteria, particularly the smoking and the nadir CD4 ,350 cells per microliter criteria, have induced selection of high-risk subjects for osteoporosis, as shown by our subjects' important smoking history, the proportion of HCV-infected, 27 and the long known duration of HIV-infection. Other variables, though, such as gender, age, antiretroviral response,and last CD4 value, were in similar proportions with those encountered in the HIV-infected French population. 28 The number of fractures visualized in our study is probably an underestimation of the prevalent number of spinal fractures, as some fractures may be located underneath the scanned vertebras. Numbers of vertebral fractures not visualized in our study are possibly high, although most vertebral fractures in cohorts from the general population are located in the T12-L1 vertebras. In the "Rottaerdam" study for instance, in which the incidence of vertebral fractures was studied in 3469 men and women older than 55 years of age by spinal radiographs obtained at baseline and afteer a mean follow-up of 6.3 years, T12 and L1 were the most frequent vertebras affeected in both men and women, followed by L2 and L3 vertebral fractures. 21 In other words, about 19% of all incident fractures were located at L2 or underneath. Other studies of thoracic and lumbar radiographs have confirmed the T12 and L1 predominance of vertebral fractures in diffeerent non-HIV-infected populations. [29] [30] [31] We found that TDF use (whether actual or cumulative) was not associated with the presence of vertebral fracture. TDF use has been established as a cause of accelerated bone density demineralization in randomized controlled trials with sequential DXA at the hip or the spine. In the ASSERT study, 11 which included antiretroviral-naive adults taking either abacavir (ABC)-lamivudine (3TC) or TDFemtricitabine (FTC) with efavirenz, BMD was significantly diffeerent in both the hip and vertebral spine (ABC-3TC group, 21.6%; TDF-FTC group, 22.4%; P = 0.036) at week 48 in comparison with BMD at study baseline. Similar results were found in a switch study evaluating BMD in HIV participants randomized to raltegravir and lopinavir/ritonavir compared with lopinavir/ritonavir and a 2-3 nucleoside reverse transcriptase backbone 17 and in an ACTG trial comparing ABC-3TC with TDF-FTC-treated participants. 12 Thus, increased changes in BMD with TDF were significant but small, and the probability of osteoporosis or incident fractures were not diffeerent according to components in these 3 studies. Moreover, bone turnover markers normalized afteer week 24 in one study, 11 and other studies have shown that with continued ART use, BMD stabilizes over time. 32 Some cohorts did not show any association with incident or prevalent fractures with TDF use. 14, 15 We thus believe that TDF may have a smaller impact on vertebral fracture incidence in comparison with other factors, such as smoking.
Smoking was strongly associated with the presence of a fracture (OR = 2.48). This study and others in the general population confirm that smoking is a major modifiable predictor of bone loss, 4, 18, 19, 33 and subjects should be strongly advised to quit. Indeed, smoking cessation seems to reverse mechanisms of bone demineralization (reviewed in Yoon et al 34 ). In the NELSON study, for instance, vertebral fracture prevalence was higher in the persistent smoking subgroup (11.3%) than in the subjects who had quittaed (5.8%; P , 0.001). 23 In our study, age was related with an increased incidence of vertebral fracture, although it did not reach statistical significance in multivariate analysis. Age probably had a small impact in our cohort, as the age distribution was narrow, as shown by the small IQR of 46.1-53.7 years. A recent literature review showed that HCV/HIV coinfection was significantly associated with a greater risk of osteoporosis and fracture than HIV monoinfection and that these coinfected subjects should be targeted for osteoporotic prevention. 35 We did not find an association of hepatitis C with the presence of vertebral fracture in our study possibly because of lack of power and the fact that we did not diffeerentiate subjects with HCV replication from subjects with spontaneous or treatment-related HCV clearance. Viral load ,200 copies per milliliter seemed protective, as in some studies, 16 although not all, 7 perhaps through reduction of chronic inflammation 36 and underscores the importance of early ART in HIV-infected subjects to prevent osteoporosis and other comorbidities.
Our study has several other limitations. Only 1 experienced radiologist, with no double lecture of images, interpreted all reconstructed spinal planes. However, we believe that the presence of fractures was properly assessed as we recruited an experienced musculoskeletal radiologist. Also, the main outcome of our study (presence of a vertebral fracture $grade 1) was easily assessable as it was defined by a vertebral height loss of 20% or more, limiting false-positive or false-negative results. Also, all confounders were not included in the analysis, such as ethnic origin, and other variables, such as cannabis or alcohol intoxication, would have merited further quantitative assessment to bettaer reflect risk and a possible dose effeect.
In conclusion, we found that the prevalence of vertebral fractures on chest LDCT was 11.6% in a HIV-infected cohort over 40 years of age with an important history of smoking and a CD4 nadir ,350 cells per microliter. The presence of vertebral fractures on chest LDCT should be systematically evaluated by clinicians and reported by radiologists afteer spinal sagittaal reconstruction of axial planes, as this procedure is probably highly efficient and is an opportunity to diagnose vertebral fractures in this high-risk HIV-infected population. Our study also supports global reduction of risk behaviors, such as smoking, and early ART in preventing and managing comorbidities, such as osteoporosis. In this study, based on fractures and not on a surrogate measure, long-term TDF use was not associated with fractures.
